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Phase Diagram Calculation of CaCl,-CaF,-CaO System

HE Yilin, MIAO Han, PANG Zhongya, LI Guangshi, WANG Kun,
Z0U Xingli, LU Xionggang

(School of Material Science and Engineering, State Key Laboratory of Advanced Special Steel,
Shanghai University, Shanghai 200444, China)

Abstract: Firstly, a systematic thermodynamic evaluation and optimization of CaCl,-CaO, CaCl,-CaF,
and CaO-CaF, systems were carried out based on the Calphad method. The substitution solution model was
used to describe the Gibbs free energy of liquid and solid solution phases. All intermediate phases, because
of their limited solid solubility, were approximately treated as stoichiometric compounds and their free
energies were defined according to the Neumann-Kopp rule. Secondly, the optimized model parameters of
all sub-binary systems were extended to the CaCl;-CaF,-CaO ternary system by using the Muggianu
geometric solution model. Finally, samples with the eutectic composition were prepared and then tested by
the Differential Scanning Calorimetry (DSC) method. A self-consistent thermodynamic database of
CaCl,-CaO-CaF, ternary system was obtained by introducing ternary interaction parameters to make the calculation
results consistent with the experimental data.

Key words: phase diagram; substitution solution model; ternary system of CaCl,-CaO-CaF,; DSC

BOAE Tl FA A EE WAL AN N E, A RS A SN RS S i MO N Y 3
VR A8 L 30 D50 | AL I Btk ) 45 o BR U Z A0, ik AEUBESEGR) BN AR b I ACRE 5 5 8 T DL RN
e HAL S RAH R A& AT A& A S i RIS IRERM IR . RS S SR

75 H 89 :2023-09-21
HEE&WMB:FHRAARBFILE B H (52022054,51974181) s PLEL B 2022 4F B [A] B & 31 H (2022-12)
EER A LT 1999) B L oF o A BAE RS AR E AL (1984, B+ %



o 42 .

A4 R GRS (http://ysyl. bgrimm. cn)

2024 45 2 1)

TR Pl TR EL A Y T S S A S R A R s T
JH T il s 1 5 b e AT AR T 3 i 7 A b e b PR 8
AR AR S N IE A A R R R R R

Xt T E G A A B9 A 7R R A ARG SR B
W AR R AR L S ST e SR Ak S I A A LG
KA L NI FRAS T & 85 20 % ~30 %0 A 43 45 &
4 RIBF R ST T B 1] . CaOf Al H DL J% 45 £ 21 B ) 45
Fr R RS . X B BIDRE R RS B R R TR A
T E AT E A R T TR AR AR L B AR A R T
NI o 5 v A 02 2 DA BR VB A B A L fi
A B ES RN WO AT AR BN S A 4. AT
SETE 260 5@ 1 R 9Y CaCl,-KCL-CaF, 16 £5 7K 2 11 #L0%
ROR AN G P RS & B S R W0 R T T LRk R
PR A T A&, S0 1 CaCl-CaF, f
F A Lo AR L B8 TR R A AR R
e NE e R e R (DRl T | 2 B U N1
FE Bl At B A B 7T A b 3 S A S R
Jn CaF, o DL it >F B AL A, fff S50 00 12 7K P & U6k 20 ri, i o
B S 02 RAL AN o . BT RS Y 3 4% A RE
J1 AT DOE A A AL B T R AR . B A,
CaO A 0] LA 34 B 1k BH AR 2% R 7= A=, sk 20 B
fiff 7 0 R

YR if 5 412 45 35 22 S0 M R A9 B A ROR S 1 IR
S RS A B G R AR A 2R A R O A )

fifi . AR SCHETF Calphad J7 ik, I SCHR B d ™ 43 51
%} CaCl,-CaO,CaCl,-CaF, fil CaO-CaF, —JL R
PrAE AL R 2 8 AT PR AL AR Ak L BE JS A Muggianu
W TLAT B 8K — e S8 i & CaCl,-CaO-CaF,
=IUF . ARYE F A & R FR B L 5 A =0T
LHSH I 22 B8 R TR R 3RS T
—BA[EE R CaCl,-CaO-CaF, 14 & By #1725 B0
LB P W B A X0 Eh AR AR S AR A A i e
SR 2H B B B A e SRR S R B Wl A)
CaCl,-CaO-CaF,-CaM (M = SiO,*~ | TiO,*" |, CO,* |
SO 4 Z o S 1R Z 1A B 38 T) 4 11 53 2 i g
fili =TT RSHL.

1 o F AR SR A

1.1 #h4ExT

PLAiJTHRTE 298. 15 K AR e REE RS %
B MAHRETESHEES, KR P aid o mlh
H i AER BN (D PR .

GP=G(T)—H™ =aq+6T+cT InT+dT*+
e+ fT ' +gT"" + - (D

K H™RIR 298. 15 K FTRESH S ILE
M EE IR K (1) s T R AT 28 (KD sa~ g N B4 oo
L B X TE] AR A i R Ak, gL oo A T A e sl
H FactPS $4li FEIF5 T3 1,

%1 CaClL.CaO 0 CaF, I EHETgERIER
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Calculated phase diagram of CaCl,-CaO system
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Fig. 2 Calculated phase diagram of CaCl,-CaF, system
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Fig. 3 Calculated phase diagram of CaOQ-CaF, system

2.4 CaCl,-CaF,-CaO & %

i 13 %F CaCl,-Ca0O.CaCl,-CaF, fil CaO-CaF, =
N IC R MBI AT TR otk B S
BELR . EAFE RS TR 2, XE TR ESH
H1 Mugginau ¥ Wi JL Ao #5580 g 47 97 & T 4 A

x2

—_— =

—JLA

CaCl,-CaF,-CaO = JT £ i A £ F 54 T 2 1 o

T AE =50 AR R AR A5 T A8 R S e Rl
LW ARG I T ZIu R BB RO R A5 R

FIRMECEIT R BESHI) TR 3. R&IHEN =T
O TR B I 4 iR

ESHER

Table 2 Binary interaction parameter information

L

AL S8/ (J + mol ™)

CaCl;-CaO

"L(CaCly-CaO) =—40514. 9
'L(CaCl,-Ca0) = —27411. 3
2L(CaCl,-Ca0) =27896

2G(CaO-CaCly) ="G(Ca0) +2 X °G(CaClz) —49166. 7+35. 6899T

CaCl,-CaF,

OL(CaCl,-CaF;) =32003. 4—63. 3332T

'L(CaCly-CaF;) = —38899. 5+48. 6249T

2L(CaCl,-CaF;)=42739. 9—51.5157T

"G (CaClF) ="G(CaCly) +"G(CaF;) —40187. 7+26. 6575T

CaO-CakF,

"L(CaO-CaF3)=—15804. 7+0. 6573T
'L(CaO-CaF;) =6. 4708+ 3. 48987T
2L(CaO-CaF;)=—0.6863+8.01795T
"G(CaF; « $,-Ca0) ="G(Ca0)+42000
"G(CaF; » S,-Ca0) ="G(Ca0)+42000
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Table 3 Ternary interaction parameter information

R % AL S/ (T« mol 1)

"L(CaCl,-CaO-CaF;)=—151965
CaCly-CaO-CaF; 'L(CaCl,-CaO-CaF3) = —240499
2L(CaCl;-CaO-CaF;)=38799. 6
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Table 4 Invariant points of CaCl,-CaQ-CaF, system

— o R IR

¥R RE/C CaCl, Ca0 CaF,
E; 636. 561 77.52 4. 90 17.58
P, 675. 378 60. 74 14. 32 24. 94
P, 707. 884 52. 73 13. 37 33. 90
P; 1 150. 850 20. 56 11. 86 67.58

N PR ORI 2R T SR AR SO A R

CaCl,-CaO-CaF, system

S3ECHEIF BEAT 228 A B (DSCO I 5 . A 5 B BT
R 1 g(CaCl, \CaO ., CaF, ¥ {8 Bl 43 H7 4l % 3 B 5
H.rir CaCl, 840 mg,CaO 27 mg,CaF, 133 mg), {fi
FHES CBREEMLER B 5 b BRI 52 R R 7E T 6 4 o
120 °CHE 2 h, &5 BB IR B, R A R AL T
TR R 10 °Clmin, RIEZERWME 5 fin, E 5
A DL 2 R 0 B R L SR B A 634 °C L 53
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